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Abstract
An experiment is proposed in which the Aharonov-Bohm effect can be veryfied through a spectroscopic
measurement. The apparatus consists of gaseous hydrochloric acid (HCl) immersed in the vector
potential A present in the center of a toroidal coil, where B = 0. Changes due to A in the absorption
spectrum of the gas are investigated.
PACS numbers: 03.65.Vf, 01.50.Pa
The Aharonov-Bohm effect (AB) was proposed [1]
and has most frequently been discussed in the liter-
ature in the context of non-simply-connected wave
functions thread by magnetic fluxes, both in the scat-
tering [2, 3, 4] and bound-state [5, 6, 7] versions of
the effect. This topological configuration is manda-
tory for the scattering setups, since the interference
pattern depends on the magnetic flux enclosed by
the branches of a splitted electron beam. In the
bound-state scenario, however, the observed quan-
tities are energy level differences of a confined sys-
tem, and the requirement of non-simply-connected
wave functions seems to be no longer a requisite.
Yet, measurements on metal rings (thus with non-
simply-connected wave functions) have been by far
the most used devices to study the bound-state AB
effect [7, 8, 9, 10], and the question of whether the
thread-flux topology is an unavoidable requirement
has not been given an experimental answer. In this
paper, we propose a simple experimental setup to ap-
proach this issue.
Besides contributing to the vast literature on the
AB effect with a newly setup capable of probing
the aforementioned topological issue, the usage of
simply-connected wave functions permits the inves-
tigation of local aspects of the semiclassical minimal
coupling, such as the relative orientation of A and the
canonical momentum, a feature not possible in setups
involving integrals over paths.
Figure 1: Proposed setup to attain the AB effect with a
simply-connected wave function: measurement of the in-
frared absorption spectrum of gaseous hydrochloric acid
over a toroidal coil.
The vibrational spectrum of HCl molecules is
well described by the one-dimensional quantum har-
monic oscillator
H = 1
2µ
[
p2 + (µω0x)2
]
(1)
where µ = mHmClmH+mCl and ω0 is the characteristic fre-
quency of vibration around equilibrium. p and x rep-
resents the relative momentum and position between
hydrogen and chlorine. Within each molecule, the
vector potential is constant and given by
A =
φ
L
zˆ (2)
where φ is the magnetic flux inside the torus and L
the perimiter of the curve γ such that
∮
γA · dl = φ.
The direction zˆ was fixed by the Coulomb gauge. In
the presence of A, Hamiltonian (1) becomes
H = 1
2µ
[
p2 − 2eφ
L
p cos(θ) + (µω0x)2
]
(3)
with θ the angle between the molecule axis and A.
The constant term e
2A2
2µ was neglected. Notice that
only the component of A parallel to the molecule axis
was used in the minimal coupling,
p→ p− eA0 cos(θ). (4)
The matricial representation of (3) in the usual ba-
sis {|n〉} reads
H = h¯ω0(a†a+ 12 )− ie
φ
L
c
√
h¯ω0
2µc2
cos(θ)(a† − a)
=

1
2 h¯ω0 iα 0 0 0
−iα 32 h¯ω0 iα
√
2 0 0
0 −iα√2 52 h¯ω0 iα
√
3 0
0 0 −iα√3 72 h¯ω0 · · ·
0 0 0
...
. . .

(5)
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where
α = e
φ
L
c
√
h¯ω0
2µc2
cos(θ). (6)
Assuming the system has access only to the first
two levels of energy, the trunkation
H =
( 1
2 h¯ω0 iα
−iα 32 h¯ω0
)
(7)
leads to the eigenvalues
E± = h¯ω0
1±
√
1
4
+
(
α
h¯ω0
)2 . (8)
Note that when α = 0 the original energy levels
1
2 h¯ω0 and
3
2 h¯ω0 are recovered.
The Aharonov-Bohm effect can be veryfied by ob-
serving an enlargement of the HCl absorption lines
when the coil is turned on. Particularly, the first ab-
sorption, originally a sharp line located at ∆Eh¯ = ω0,
would range from
∆E
h¯
= ω0, (9)
corresponding to light absorbed by molecules orthog-
onals to A, up to
∆E
h¯
= 2ω0
√√√√1
4
+
(
eφc
L
√
2h¯ω0µc2
)2
, (10)
corresponding to light absorbed by molecules paral-
lels to A.
As a final remark, we explicitly quote the expres-
sion of A along the z-axis of the torus [12], in the
Coulomb gauge and approximation of inner radius
(a) much smaller than revolution radius (b),
A · zˆ = µ0
4pi
pia2bI
(b2 + z2)
3
2
. (11)
For a torus with 103 wire loops and dimensions
a = 2 cm, b = 6 cm and for infrared light of h¯ω0 ∼
0.05 eV, a current of order ∼ 0.2 A is necessary in or-
der to
ecA · zˆ√
2h¯ω0µc2
∼ 1, (12)
thus making the enlargement of the absorption lines
observable.
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